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(g) ReflectkHi type IkiuM crystal display device and manufacturing method thereof. 



@ It is an object of the invention to impMrove the 
display quality of a reflectk)n type liquid crystal 
display device (30). A gate bus wiring (32). a 
source bus wiring (39), and a TFT (40) a^e 
formed on an insulating substrate (31), and an 
organic insulating film (42) having bumps (42b) 
is formed on them. A light shieM fim (45) is 
formed in tiie region above the TFT (40) on the 
surface of the organic Insulating fim (42), and a 
reflection electrode (38) is formed in the other 
region. The reflection electrode (38) is sepa- 
rated from the light shiekJ film (45) by a gap 
(45a). An orientation film (44) is further formed 
on these components to complete one sut>- 
strate (52). The one substrate (52) is bonded 
tiirough a liquid crystal layer (50) to the other 
substrate (53)having a light emitting insulating 
substrate (46), a color fiter (47). a transparent 
electrode (48), and an orientation film (49). 
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The present invention relates to a reflection type 
liquid crystal display device in wtiich an image is dis- 
played by reflecting light incident from the outside, 
and to a method for manufacturing the device. 

Recently, the application of a liquid crystal dis> s 
play device to word processors, lap top personal com- 
puters, pocket televisions and others is rapidly ex- 
panding. In particular, among liquid crystal display 
devices, a reflection type liquid crystal display device 
in which an image is displayed by reflecting light in- io 
cident from the outside is highly attractive because it 
can be constructed in a reduced thickness and 
weight, and the amount of consumed electric power 
is low due to no t>acklight 

Conventionally, in a reflection type liquid crystal is 
display device, the TN (twisted nematic) method or 
the STN (super-twisted nematic) method has been 
employed. In these methods, however. at>out half of 
a light intensity of natural light can not be utilized for 
displaying due to a polarizer. whk:h causes a problem 20 
that the display is relatively dark. 

To solve the problem, a display mode has been 
proposed in which no polarizer is used to effectively 
utilize natural light An example of such a display 
nr>ode is the phase transition type guest-host method 25 
(D. L White and G. N. Taylor J. Appl. Phys. 45 4718. 
1 974). In this mode, the cholesteric- nematic phase 
transition phenomenon due to an electric f iekj is util- 
ized. Also, a reflection type multicolor display is pro- 
posed, in which a micro color filter is additionally util- 30 
ized in the method. (Tohru Koczumt and Tatsuo Uchi- 
da. Proceedings of the SID. Vol. 29/2, 157, 1988). 

In order to obtain a t>righter display in such a 
nrKxle without requiring a polarizer, it is necessary to 
increase the intensity of light scattering in a direction »35 
perpendicular to the display screen, with respect to 
light incident at any angle. For this purpose, it is nec- 
essary to produce a reflector having an opttnrtum re- 
flective characteristic. The above put)lication disclo- 
ses a reflector which is produced by roughening the 40 
surface of a substrate nr^de of glass or the like with 
an abrasive, varying the time of etching with hydro- 
fluoric acid to control the surface roughness, and 
forming a silver thin film on the rough surface. 

In the reflector disclosed in the pubtk:ation, the ir- 45 
regularities can not be uniform in shape because the 
irregularities are formed t>y grind ir>g the glass sut>- 
strate with an at>rasive. The reflector has another 
problem that the reproducibility of the shape of the ir- 
regularitios is poor. In the case of using such a glass so 
substrate, consequently, rt is impossik)le to provide a 
reflectk)n type liquid crystal display with excellent re- 
producibility and an optimum reflective characteris- 
tic. 

Fig. 15 is a plan view showing an insulating sub- 55 
strate 2 having a thin film transistor (hereinafter ab- 
breviated as TFT^ 1 which is a switching element 
used in an active matrix system. ar>d Fig. 16 is a seo- 



tk>na] view showing the insulating substrate 2 as tak- 
en ak>nglineX1-X1 of Fig. 15. Plural gate bus wirings 
3 made of chromium, tantalum or the like are dis- 
posed in parallel on the insulating substrate 2 made 
of glass or the like, and a gate electrode 4 is branched 
off from the gate bus wiring 3. The gate bus wiring 3 
functk>ns as a scanning signal line. 

Agate insulating film 5 made of a siPicon nitride 
(SiNJ, a silicon oxkJe (SiOJ or the like is formed on 
the entire surface of the insulating substrate 2 to cov- 
er the gate electrode 4. On a gate insulating film 5 
above the gate electrode 4, fonned is a semkx)nduc- 
tor layer 6 made of amorphous silken (hereinafter ab- 
breviated as 'a-Si*). potycrystalline silicon. CdSe or 
the like. A source electrode 7 n^de of trtankjm. mo- 
lybdenum, aluminum or the like is superposed on one 
end of the semiconductor layer 6. A drain electrode 8 
made of titanium, nrK)lytxienum, aluminum or the like 
in the same manner as the source electrode 7 is su- 
perposed on the other end of the semiconductor layer 
6. Apk:ture element electrode9 made of. for example. 
ITO (indium tin oxide) is superposed on one end of the 
drain electrode 8 that is opposite to the end on whk^h 
the semk^onductor layer 6 is sup>erposed. 

As shown in Fig. 1 5, a source Ihis wiring 10 is cor>- 
nected to the source electrode 7. The source txjs wir- 
ing 1 0 cross the gate bus wiring 3 through the gate in- 
sulating film 5 therebetween, and functions as an inrv 
age signal line. The source bus wiring 10 also is made 
of the same metal as that of the source electrode 7. 
A TFT 1, which functions as a switching elerr^ent. 
comprises the gate electrode 4, the gate insulating 
film 5, the semiconductor layer 6. the source elec- 
trode 7, and the drain electrode 8. 

When the insulating substrate 2 having the TFT 
1 shown in Figs. 1 5 and 1 6 is to be applied to a ref lec- 
tin type Ikiuid crystal display devfce. the pfcture ele- 
n^nt electrode 9 is made of a metal having light rt>' 
ftectivity such as aluminum or sih^er, to be employed 
as a reflector. 

Emptying the pk:ture element electrode 9 as a 
reflector has advantages that the thickness can be re- 
duced and degrading of display due to parallax Is 
small as compared with the case where a reflector is 
separately disposed on the skJe of the insulating sub- 
strate 2 opposite to the picture element electrode 9. 

In order to further improve the reflective charac- 
teristic, irregularities are formed on the surface of the 
picture elenrvent electrode 9 superposed on the gate 
insulating film 5 as a consequence of forming the ir- 
regularities on the surface of the gate insuiatir>g film 
5. Usually, however, it is difficult to uniformly form ir- 
regularities on the surface of the gate insulatir)g film 
5 made of an inorganic sut>stance. 

As described atx>ve, a semiconductor layer 6 is 
made of a-SI. potycrystalline silicon. CdSe or the like. 
The semkx>nductor layer 6 made of a-Si, in partrcular. 
has an advantage that it can be uniformly formed at 
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a low teiTiperature into that of a large area, compared 
with the other materials. However, it has a character- 
istic that tight photoelectric current is generated. To 
be more precise, though the t>and gap of Si is 1.leV, 
holes and electrons are hardly generated in Si be- s 
cause it Is an indirect transition type material. On the 
other hand, a-Si has a high probability of generation 
of holes and elections due to levels in band gaps of 
a-Si, and therefore holes and electrons are easily 
generated by virtue of light. Therefore, when light en- 10 
lers the TFT 1 , therefore, the TFT 1 is driven to oper- 
ate by virtue of the light, so that it cannot properly 
function as a switching element This causes incon- 
venient phenomena such as that an undesirat>le im- 
age signal is applied to the picture elenrient electrode 15 
9, thereby producing a disadvantage that the display 
quality is impaired. In a substrate opposing the insu- 
lating substrate 2, therefore, it is usual that a black 
matrix which is light shielding nDeans is formed in the 
portion erf the substrate which feces the TFT 1 . How- 20 
ever, it is difficult to completely shield light via the 
black matrix t>ecause of such problems that the accu- 
rate positioning is required, and that obliquely inconv 
ing light cannot be shielded. 

As shown in Figs. 1 5 and 16, in order to prevent 25 
the picture element electrode 9 and the source bus 
wirings 10 from being electrically connected to each 
other, they are formed so as to t>e separated from 
each other by a gap 9a. When the source electrode 
7 and the drain electrode 8 are eiectrically connected 30 
to each other, moreover, the TFT 1 cannot functkm as 
a witching element Therefore, the picture elenrient 
electrode 9 cannot be formed on the TFT 1 , resulting 
in that the area of the prcture element electrode 9 is 
small. This causes a problem in that the iun>ina<^ is 35 
low and therefore the display quality ;s impaired. 

It is an object of the invention to provide a refle<^ 
tion type liquid crystal display device in wW-iich the (i'ls^ 
play quality is improved, and a method for nnaniifac- 
turing the device. 40 

The invention provides a reflection type liquki 
crystal display device comprising a pair of substrates 
opposed to each other through a liquid crystal iayer. 
wherein at least one of the sut>strates transmits light, 
one of the sut>strates comprises: an Insulating sub- as 
strata; a picture element electrode whrch is disposed 
in each of plural picture element regions on the Ik^kl 
crystal layer side of the insulating substrate andfuno- 
tk>ns as a reflector for reflecting light incident from an 
other one of the substrates which transmits light; and 50 
a switching element portions for applying a voltage for 
displaying to the picture element electrode, and the 
other one of the substrates comprises: a transparent 
insulating substrate; and a transparent common elec- 
trode which covers an aJn)ost entire surface of the 55 
light transmitting Insulating substrate on the liqukJ 
crystal layer side, characterized in that 

the one substrate further comprises an insu- 



lating film which is disposed in a region including the 
switching element portk>n, 

each of the picture element electrodes is dis- 
posed in a predetermined region in the respective pic- 
ture element regfon on the liquid crystal layer sMe of 
the insulating film, and 

a light shield film is disposed in a region other 
than the predetermined region in the respecth^e pic- 
ture elenr)ent regton on the liquid crystal layer skle of 
the insulating film to be separated from the respec- 
th^e picture element electrode by a gap. 

The invention Is characterized In that the light 
shield film has light reflectivity. 

The inventfon is characterized in that the insulat- 
ing film has bumps on a surface. 

The invention is characterized in that the bumps 
are randomly arranged. 

The invention is characterized in that the bumps 
are formed into a tapered shape and tip portions 
thereof have a spherical shape. 

The invention is characterized in that the bumps 
are identical or different in size. 

The tnventk>n is characterized in that the insulat- 
ing film contains a photosensitive resin. 

In another aspect of the inventfon. the invention 
provides a method for manufacturing a ref lectfon type 
liquid crystal display devk^e comprising a pair of sub- 
strates opposed to each other through a liquid crystal 
layer, wherein, one of the substrates comprises: an 
insulating substrate; a pk;ture element electrode 
which is disposed in each of plural pk:ture element re- 
gions on the liquid crystal layer skJe of the insulating 
sut>strate, and functions as a reflector for reflecting 
light incident from an other of the substrates whk^ 
transmits light; and a switching element portion for 
app'ying a vdtage for displaying to the picture ele- 
ment electrode, the methiod comprising steps of. 

forming an .'nnulating film in a region including 
the switching elen^ent portion on the liquid crystal lay- 
er skje of the insulating substrate, and 

forming a picture element electrode in a prede- 
termined region in each picture element region on tiie 
liquid crystal layer side of the insulating film, to be 
separated from each other by a gap, and forming a 
light shield film in a region other than the predeter- 
mined regfon in each picture element regk>n, to be 
separated from each pk^ture element electrode by a 
gap. 

The inventkMi is characterized in that a metal film 
having light reflectivity is formed on the liquid crystal 
layer skle of the insulating film, and the metal film is 
patterned to form the picture elenrtent electrode and 
the light shield film. 

The invention is characterized in that bumgs are 
formed on a surfece of the insulating film. 

The inventk>n is characterized in that the bun^ 
are formed by; applying a photosensitivs resin in a re- 
gion including the switching element portion on the 



3 



'4 



5 EP 0 617 310 A1 6 



liquid crystal layer side of the insulating substrate; ex- 
posing the photosensitive resin to light through light 
shield means in which circular light shielding regions 
are randomly arranged; thermally treating after de- 
velopment; and forming the insulating film on the ot>- 5 
tained plural bumps and along the plural bunnps. 

According to the invention, the reflection type liq- 
uid crystal display device has a configuration wherein 
a pair of substrates at least one of which is transpar- 
ent are opposed to each other through a liquid crystal io 
layer. One of the substrates comprises: an insulating 
sut>strate; picture element electrodes which are re- 
specth^ely disposed in plural picture elenr^ent regions 
on the liquid crystal layer side of the insulating sub- 
strate, and which function as reflectors; and switch- is 
ing element portions. An insulating film is formed in 
a region including the switching element portions on 
the liquid crystal layer side of the insulating substrate, 
picture element electrodes are formed on the liquid 
crystal layer side of the insulating film and in a pre- 20 
detemnined region in each picture element region, to 
be seF)arated from each other by a gap, and a light 
shield film is fonned in a region other than the prede- 
termined region in each picture element region on the 
liquid crystal layer side of the insulating film, to l>e 25 
separated from each picture element electrode by a 
gap. The other one of the substrates comprises a light 
trartsmitting insulating sutxstrate, and a common 
electrode which covers a substantially entire surface 
of the liquid crystal layer side of the tight transmitting 30 
insulating sut>strate. 

The switching element portion, which may be re- 
alized by a thin film transistor or the like, applies a vol- 
tage for displaying to the picture element electrode. 
This voltage controls the orientation state of the liquid 35 
crystal so that light entering from the other substrate 
is allowed to pass therethrough or blocked. Light 
whk^h has passed through the liquid crystal layer is 
reflected by the picture element electrode which is a 
reflector and then emitted from the display device, re- 40 
suiting in a bright display. When the entering light is 
bk>cked. a dark display is obtained. 

The picture element electrode is formed on the 
crystal layer skie of the insulating film whk:h is 
formed in the regk>n including the switching element 45 
portk>n on the crystal layer side of the insulating sub- 
strate whk^ constitutes the one substrate. The pic- 
ture element electrodes is formed in a predetermined 
regnn in the pk:ture element regk>n, separated from 
an adjacent pk:ture element electrode by such an ex- so 
tent of gap that they can be electrically insulated from 
each other, and nrwe precisely in a regk>n where no 
a channel (current path) is formed between the 
switching element portions and the pk:ture element 
electrodes and therefore they are not electrically con- 55 
nected to each other. In the regk>n other than the pre- 
determined regk>n in the respective prcture element 
regk>ns. a light shield film is formed leaving between 



the light shield film and the pk:ture element electrode 
such an extent of gap that they can be electrically in- 
sulated from each other. 

Therefore, light entering a switching element por- 
tion is shielded by the light shield film from entering 
the switching elenrient portk>n, thereby preventing the 
switching element portk>n from t>eing driven to OF>er- 
ate by light and failing to properly operate as a switctv 
ing elenr>enL Since the light shield film is formed on 
the Ik^uid crystal layer skje of the insulating film of the 
insulating substrate, the light shield film can shield 
also tight which ot>liquely enters, and can shield light 
regardless of the positk>nlng accuracy of the bonding 
of the substrates. Furthennore. a gap is formed be- 
tween the picture element electrode and the light 
shield film, and therefore, even when the light shield 
film is nnade of an electrically conductwe material, it 
is achieved to prevent fk>wing of electric current from 
the picture element electrode to the light shield film. 
This eliminates the problem that, due to formatk>n of 
a channel t>etween the switching element portk>n and 
the light shield film, the characteristk:s of the switch- 
ing element portkm are impaired to lower the display 
quality. Additk>nally, since the picture element elec- 
trode is forn>ed on the liquid crystal layer skJe of the 
insulating film, the area of the pH:ture element elec- 
trode can be enlarged as far as it is electrically insu- 
lated from an adjacent pk^ture element electrode. 
This contritxjtes to an increase in intensity of the re- 
flected light, so that the luminance is improved. 

According to the inventk>n, the light shield film 
has light reflectivity. The light shield film having light 
reflectivity, which is formed simultaneously with the 
pk:ture element electrode, may be formed by forming 
a metal film having light reflectivity on the liqukl crys- 
tal layer skie of the insulating film, and patterning the 
metal film. Conse({uently, light entering a switching 
elen^ent p>ortk)n is shielded and reflected, whc^by 
the intensity of the reflected light is increased and the 
luminance is improved, thereby en^lancing the dis- 
play quality. 

According to the inventton, the insulating film has 
bumps on the surface thereof. Therefore, bumps cor- 
responding to ttie txjmps are formed on the surface 
of the picture element electrode and the light shield 
film whfch are formed on the insulating film. The 
bumps increase the intensity of light scattering in a di- 
rectk>n vertical to the display screen with respect to 
light inckient at any angle. Consequently, the intensi- 
ty of the reflected light is further increased and the lu- 
minance is improved, thereby enhancing the display 
qu£ility. 

According to the invent k>n, the bumps are ran- 
domly arranged. The txjmps are formed into a tapered 
shape and their tip portk>ns have a spherical shape. 
Further, the bumps are kientk^l or different in size. 
Such bumps have the same effect as described 
above that the intensity of light scattering in the direc- 



4 



7 



EP 0 617 310 A1 



8 



tion vertical to the display screen is increased. 

According to the invention, a photosensitive resin 
is applied in a region including the switching element 
portions on the liquid crystal layer side of the insulat- 
ing sut>strate, the photosensitive resin is exposed to 
light through light shield means in which circular light 
shielding regions are randomly arranged, developed 
and thereafter heat-treated, in order to obtain plural 
bumps. Subsequently, an insulating film is formed on 
and along plural bumps. On the surface of the insu- 
lating film, therefore, irregular bumps corresponding 
to the plural bumps formed by the photosensitive res- 
in are formed. The bumps of the surface of the insu- 
lating film can be controlled easily and uniformly with 
excellent reproducibility. Since bumps are fomned on 
the surfaces of the picture element electrodes and 
the light shield film in correspondence with the 
formed bumps, the reflectivity is improved. 

Other and further objects, features, and advan- 
tages of the invention will t>e more explicit from the 
following detailed description taken with reference to 
the drawings wherein: 

Fig. 1 is a sectional view showing a reflection 
type liquid crystal display device 30 which is an 
embodiment of the invention; 
Fig. 2 is a plan view showing a substrate 52 con- 
stituting the reflection type liquid crystal display 
device 30; 

Fig. 3 is a process flow chart illustrating a method 
of forming a reflection electrode 38 and a light 
shield film 45 which have bumps; 
Figs. 4(1) to 4(5) are sectional views showing 
process steps of the forming method shown In 
Fig. 3; 

Fig. 5 is a plan view showing a mask 51 which Is 
used in step a5 shown in Fig. 3; 
Fig. 6 is a process flow chart illustrating a nnethod 
of forming a reflector 70 whfeh is used in a nr>eas- 
urement of the reflective characteristic of the re- 
flectk>n type liquid crystal display devk:e 30; 
Figs. 7(1) to 7(6) are sectional views showing 
piocess steps of the forming method shown in 
Fig. 6; 

Fig. 8 is a sectkMiai view illustrating the measure- 
ment of the reflective characteristte; 
Fig. 9 is a plan view showing a substrate 54 of a 
liquid crystal display devk^e whk:h is a compari- 
son example for an eml>odinr^ntof the invention; 
Fig. 10 is a sectnnal view taken along line X2-X2 
shown in Fig. 9; 

Fig. 11 is a plan view showing a substrate 55 of 
a liqukJ crystal display devk:e which is another 
comparison example for the embodiment; 
Fig. 12 is a sectk>nal view taken along line X3-X3 
shown in Fig. 11; 

Fig. 13 is a sectk>nal view showing a substrate 60 
on which a MIM 64 is formed in a ref lectk>n type 
liquid crystal display devk» that is another em- 



bodiment of the inventk>n; 
Figs. 14(1) to 14(6) are sectk>nal views showing 
process steps of a nnethod of forming the MIM 64; 
Fig. 15 is a plan view showing an insulating sub- 
5 strata 2 having a thin film transistor 1 ; and 

Fig. 1 6 is a sectional view taken along line X1-X1 
of Fig. 15. 

Now referring to the drawings, preferred embody 
ments of the invention are described below. 

10 Fig. 1 Is a sectk>nal view showing a reflection 

type liqukj crystal display device 30 which is an em- 
bodin>ent of the inventton, and Fig. 2 is a plan view 
showing a substrate 52 shown in Fig. 1 . The reflection 
type Ik^uid crystal display devrce 30 has a conf igura- 

15 tion wherein a Ikiuid crystal layer 50 is interposed l>e- 
tween substrates 52 and 53 at least one of whk^h is 
light transmittable. The one substrate 52 comprises 
an insulating substrate 31, a TFT 40, an organic in- 
sulating film 42, a reflectk>n electrode 38, a light 

20 shield film 45. and an orientation film 44. The other 
substrate 53 comprises alight transmitting insulating 
substrate 46. a color filter 47, a transparent electrode 
48, and an orientatk>n film 49. 

On a surface of the Insulating substrate 31 made 

25 of glass or the like on the side of the lk]ukJ crystal lay- 
er 50, plural gate bus wirings 32 made of chromium, 
tantalum or the like are disposed in parallel with each 
other, and a gate electrode 33 is branched off from 
the gate bus wiring 32. The gate bus wiring 32 f unc- 

30 tkHis as a scanning signal line. 

Covering the gate electrode 33, a gate insulating 
film 34 made of silicon nitride (SiNx). silkx>n oxide 
(SiOx) or the like is formed on the entire surface of the 
insulating substrate 31 on the sWe of the liquid crystal 

35 layer 50. On the surface of the gate insulating film 34 
atx>ve the gate electrode 33, formed is a semk»nduo- 
tor layer 35 made of a-Si. polycrystalline silicon, 
CdSe or the like. A contact electrode 41 made of a-SI 
or the like is formed on each of both ends of the senv 

40 iconductor layer 35. A source electrode 36 made of ti- 
tan ium. molybdenum, aluminum or the like is super- 
posed on one of the contact electrodes 41. A drain 
electrode 37 made of titanium, molyt>denum, alumi- 
num or the like in the same manner as the source 

45 electrode 36 is superposed on the other one of the 
contact electrodes 41. 

As shown in Fig. 2, the source electrode 36 is 
connected to a source bus wiring 39. The source t)u» 
wiring 39 crosses the gate bus wiring 32 through the 

50 gate insulating film 34 therebetween, and functions 
as an image signal line. The source bus wiring 39 also 
is made of the same metal as that constituting the 
source electrode 36. The gate electrode 33. the gate 
insulating film 34. the semiconductor layer 3$, the 

55 source electrode 36, and the drain electrode 37 corv 
stitute the TFT 40 which functtons as a switching ele- 
ment 

On the TFT 40 and a surface of the gate insulat- 
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ing film 34 on the side of the liquid crystal layer 50 ex- 
cept a region where a contact hole 43 descfit>ed be- 
low is to be formed, plural Ixjmps 42a are fbmied at 
random positions. The bumps 42a may be formed in 
the following nnannen First, the bumps 42a are 5 
formed on the entire surface, and then the bumps 42a 
formed in the region where the contact hole 43 is to 
be formed are removed. Alternatively, the bumps 42a 
nwiy be originaily inhibited from being formed in the 
region where the contact hole 43 is to be formed. The io 
organic insulating film 42 is formed along the fcnjmps 
42a. Bumps 42b corresponding to the bumps 42a are 
formed on the organic insulating film 42. The contact 
hole 43 is formed by inhibiting the organic insulating 
film 42 from being formed in the region where the is 
drain electrode 37 is formed. 

The reflection electrode 38 nr^ade of aluminum, 
silver or the like, and the light shield film 45 similarly 
made of aluminum, sihrer or the like are formed on the 
organk: insulating film 42. The reflectk>n electrode 38 20 
is connected to the drain electrode 37 through the 
contact hole 43. The light shield film 45 and the reflec- 
tion electrode 38 are fomr^ed in such a manner that a 
gap is left therebetween to an extent that they can be 
electrically insulated from each other. On the reftec- 25 
tk>n electrode 38 and the light shield film 45 whk:h are 
formed on the organk: insulating film 42. bumps cor- 
responding to the bumps 42b of the organk: insulating 
film 42 are formed. The orientatkm film 44 is formed 
on the ref lectkHi electrode 38 and the light shield film 30 
45. 

The light shield film 45 is formed alnx>st right 
above the TFT 40. The reflection electrode 38 is 
formed in the regk>n wherein no channel is formed on 
the interface with the semiconductcr layer 35 of the 35 
TFT 40 in such a manner that it is separated from the 
light shield film 45 on the TFT 40 by a gap 4.5a and 
superposed on a part of the gate txjs wiiings 32 
through the organic insulating film 42. Accordingly, 
the area of the reflectk>n electrode 38 can be iiv 40 
creased as far as it is electrically insulated from an ad- 
jacent reflectkHi electrode 38. Therefore, the lumi- 
nance of the display screen is improved, so that a 
bright display can be realized. In this way, the one 
sut>strate 52 is configured. 45 

On the other band, the color filter 47 is formed on 
the light transmitting insulating substrate 46 made of 
glass or the like on the side of the lk|uki crystal layer 
50. The color filter 47 includes filters 47a and 47b. 
The filter 47a of magenta or blue is fonned in a regk>n 50 
opposed to a pk^ture element including the reflection 
electrodes 38 and the light shield film 45, and the fil- 
ter 47b of black is formed in the other region. The 
transparent electrode 48 nr^ade of ITO or the like is 
formed on the entire surface of the color filter 47, and 55 
additionally the orientation film 49 is formed on the 
electrode 48. In the inventk3n, since the light shield 
film 45 is formed on the TFT 40, the Wack filter 47b 



for shielding light is not required to be formed in the 
regk}n of the counter substrate 53 which is opposed 
to the TFT 40. In this way, the other substrate 53 is 
configured. 

The substrates 52 and 53 are arranged so that 
the orientatton fWms 44 and 49 thereof face to each 
other, and then l>onded with each other with t>eing 
separated from each other by a predetermined dis- 
tance. At this time, the substrates 52 and 53 are ar- 
ranged so that the reflection electrode 38 and the 
light shield film 45 coinckJe vrith the filter 47a. and 
then t>onded with each other. A Ikjuid crystal is inject- 
ed between the substrates to form the llquki crystal 
layer 50, thereby completing the reflectk>n type llquki 
crystal display device 30. In the above, an emtxxli- 
ment of a color display using the color filter 47 has 
beendescrit>ed. In the case of a rmnochrome display, 
the display devk^e can t>e configured in the same 
manner except that a color filter is not used. There- 
fore, the black f i Iter 47 b is not formed on the su bst rate 
53 opposing the TFT 40 wtiich-is a switching element 
It was confirmed that this configuration can improve 
the luminance. 

Fig. 3 is a process flow chart i llustrating a method 
of forming on the insulating substrate 31 the reflec- 
tion electrode 38 and the light shield film 45 which 
have bumps shown in Figs. 1 and 2, Figs. 4 (IH^) are 
sectk>nal views showing process steps of the forming 
method shown in Fig. 3. and Fig. 5 is a plan view 
showing a mask 51 which is used in step a5 shown in 
Fig. 3. Fig. 4<1) relates to step a4 of Fig. 3, Fig. 4(2) 
relates to step a5 of Fig. 3, Fig. 4(3) relates to step a6 
of Fig. 3. Fig. 4(4) relates to step a8 of Fig. 3, and Fig. 
4(5) relates to step aS of Fig. 3. 

In step a1 . a metai l&yer of tantalum is first fom^ 
in a thickness of 3000A on the insulating substrate 31 
made of glass or the like, by, for example, a sputtering 
methcHj. Then, the met&l layer is patterned into a pre- 
determined shape by, for example, a photolithogra- 
phy nr)ethod and an etching process, to form the gate 
bus wiring.^ 32 and the gate electrode 33. 

In step a2 the gate insulating film 34 nr^ade of sil- 
icon nitride (SiN^) in a thk:kness of 4000A is formed 
by, for example, the plasma CVD method on the gate 
bus wirings 32, the gate electrode 33, and the insu- 
latir>g sut>strate 31. 

In step a3. f irst, a 1 0OOA thick a-Si layer to serve 
as the semiconductor layer 35, and a 40QA thk:k n^ 
type a-Si layer to serve as the contact electrode 41 
are formed in this sequence on the surface of the gate 
insulating film 34. Then, the fomned n* type a-Si layer 
and a-Si layer are sequentially patterned to form the 
contact electrode 41 and the semiconductor layer 35. 

In step a4, first, a 2000A metal layer of molybde- 
num is formed by, for example, the sputtering method 
on the surfaces of the contact electrode 41 . the senv 
iconducfcor layer 35, and the gate insulating film 34. 
Then, the fomned nr>etal layer of molybdenum is pat- 
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terned into a predetermined shape to form the source 
electrode 36, the drain electrode 37, and the source 
bus wirings 39. In this way, the TFT 40 is completed. 
Fi9- 4<1) is a sectional view showing the insulating 
substrate 31 on which the TFT 40 is formed after be- 5 
ing subjected to processes of steps a1 to a4. 

In step a5. photo resist (trade name: OFPR-800, 
manufactured by Tokyo Ohka Kogyo Co., LTD) which 
is a photosensitive resin is applied in a thickness of 
1.2 (im onto the TFT 40 and the gate insulating film io 
34, to form the bumps 42a as shown in Fig. 4(2) by 
using the mask 51 shown in Fig. 5. Specifically, the 
mask 51 is placed on the applied photo resist film, ex- 
posed, d6vek>ped, and then heat-treated. In the mask 
51 . circular light shielding regions 51a and 51b shown is 
by hatching' and being different in size are randomly 
formed. The light shielding resin 51 a is formed so that 
the diameter D1 of the light shielding regkms 51a is 
greater than the diameter D2 of the light shielding re- 
gk>ns 51b. For example, the diameter D1 is 10 i&m and 20 
the diameter D2 is 5 ^m. 

In the emtxxJiment, the mask 51 having two light 
shielding regk>ns 51a and 51b different in size is env 
pk)yed. However, the mask 51 is not restricted to this. 
The mask 51 having light shiekiing regions which con- 25 
sist of one type of cirdes may be used, or the mask 
51 having light shielding regons which consist of 
three or more types of cirdes may be used. When the 
mask 51 in which the light shielding regk>ns 51a and 
51b are not formed in the region where the contact 30 
hole 43 is to be formed is used, the bumps 42a are not 
formed in the regkm where the contact hole 43 is to 
be formed. In the case where the tnjmps 42a are 
formed on the entire surface, the bumps 42a in the re- 
gk>n where the contact hole 43 is to be formed are 35 
thereafter removed. The t>umps 42a in the resion may 
be renx>ved after step a5, for example, upon the conrv 
pletk>n of step a5 or during the formation, of the con- - 
tact hole 43 in step a7 described below. 

in step a6, a photosensitive resin which is real- 40 
ized by the above-mentk>ned photo resist (trade 
name: OFPR-800, Tokyo Ohka Kogyo Co., LTD) is af>- 
plied preferably in a thk:kness of 2 ^m or more along 
the bumps 42a. thereby forming the organ k: insulat- 
ing film 42 as shown in Fig. 4(3). The bumps 42b cor- 4S 
responding to the bumps 42a are formed on the or- 
gank: insulating film 42. 

In step 37, the contact hole 43 is formed in the or- 
ganic Insulating film 42 by, for example, the photoli- 
thography method. The contact hole 43 is formed so 
above the drain electrode 37. It was confirmed that 
the photosensitive resin which is realized by the photo 
resist functfons as an insulating film in a sufficient 
manner. 

In step ad, a metal thin film 38a made of alumi- 55 
num is formed on the entire surface of the organic in- 
sulating film 42 having the bumps 42b as shown in 
Fig. 4(4). 



In step a9, as shown in Fig. 4(5), the metal thin 
film 38a is patterned to form the reflection electrode 
38 and the light shield film 45. When the metal thin 
film 38a is formed by using a mask having the pat- 
terns of the ref lectfon electrode 38 and the light shiekJ 
film 45, steps a8 and a9 can be conducted sinYulta- 
neously. The gap 45a between the reflection elec- 
trode 38 and the light shield film 45 is selected pre- 
ferably to be 3 \3an, and more preferably to be 5 ^m. 
It was confirmed that, when the gap is greater than 3 
^m, electrical insulation is kept therebetween. The re- 
flectk>n electrode 38 is connected to the drain elec- 
trode 37 of the TFT 40 through the contact hole 43 
formed in the organic insulating film 42. It was con- 
firmed that, in the formation of the reflectk>n elec- 
trode 38 and the light shield film 45. the bumps 42a 
composed of the photo resist and the bumps 42fo 
composed of the organic insulating film 42 are free 
from any change even when they undergo the steps 
of exposure, development, etohing ahiminum. and 
peeling the photo resist - - 

It was confirmed that the shape of the bumps 42a 
can be controlled by the shape of the mask 51, and 
the thtekness of the photo resist whtoh will be formed 
as the bumps 42a. Sharp edges of the bumps 42a 
may be renrK>ved easily fc>y heat treatnrtent after the 
formation of the bumps 42a. Through the heat treat- 
ment, the bumps 42a are formed to have a tapered 
shape and have spherical tip portions thereof. The 
thus formed t>umps 42a are uniform, and can be corf- 
trolled easily and with excellent reproducit>ility. 
Therefore, the reflectivity is improved. 

The transparent electrode 48 formed on the insu- 
lating sut>strate 46 shown in Fig. 1 is made of. for ex- 
ample. ITO, and a thickness thereof is selected to be 
1 0OOA. The orientation f ilnw 44 and 49 on the reflec- 
tion electrode 38, the light shiekJ film 45, and the 
transparent electrode 48 are formed by applyir^g and 
baking polyimkJe or the like. Between the substrates 
52 and 53, a gap into which the liquk] crystal is to be 
Injected is formed by screenprinting of an adhesh^e 
sealant (not shown) in which spacers of, for example, 
8 or 12 Mm are mixed, and bondir^g the substrates 52 
and 53 to each other. The space is evacuated and 
then returned to atmospheric pressure, whereby the 
Tiquk) crystal is injected thereinto. As the Ik^uki crys- 
tal, for example, used is a mixture of guest-host liquki 
crystal mbced with black pigment (trade name: 
ZLI2327, manufactured by Merck) and 4.5% of an 
optical active substance (trade name: S811, manu- 
factured by Marck). 

Fig. 6 is a process flow chart illustrating a method 
of forming a reflector 70 whk:h is used in a measure- 
ment of the reflective characteristk: of the reflection 
type liquki crystal display devk^e 30, and Figs. 7 (1)- 
(6) are sectional views showing process steps of the 
forming method shown in Fig. 6. In step b1, as shown 
in Fig. 7(1), a photo resist (trade name: OFPR-800, 
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manufactured by Tokyo Ohka Kogyo Co., LTD) which 
is a photosensitive resin is applied to one surface of 
a 1.1mm thick glass substrate (trade nan>e: 7059, 
manufactured by Corning) 71 , to form a resist film 72. 
The applicatton of the photo resist is conducted by a 5 
spin coating method in which the number of revolu- 
tions ranges from 500 to 3000 rpm. In the embodi- 
ment, the photo resist was applied at 3000 rpm for 30 
seconds to form the 1 .2 ^m thick resist film 72. In step 
b2, the resist film 72 is pret>aked at 1 00**C for 30 min- io 
utes. In step b3. as shown In Fig. 7(2), the mask 51 
having the ctrcuiar light shielding regk>r)s 51 a and 51 b 
is placed on the resist film 72 and exposed. In step 
b4, as shown in Fig. 7(3), the resist film 72 is devel- 
oped to form random circular txjmps 74 on the sur- is 
face of the cpass substrate 71. In the embKxjiment, 
2.38% NMD-3 (manufactured by Tokyo Ohka Kogyo 
Co.. LTD) was used as the developing solution. 

In step bS, the txjmps 74 on the glass substrate 
7 1 are subjected to a heat treatment at a temperature 20 
of preferably 120 to 250'O to obtain smooth ones 
without sharp edges as shown in Fig. 7(4). In the em- 
bodiment, the heat treatment was conducted at 
1 80^C for 30 minutes. In step b6, as shown in Fig. 
7(5), an organic insulating film 74a is formed along 25 
the bumps 74. As the organk: insulating film 74a, for 
example, the above-mentk>ned photo resist is used. 
The photo resist is applied by a spin coating method 
In which a number of revohjttons is selected to t>e In 
the range of 920 to 3500 rpm and a ti me to be 20 sec- 30 
onds. In the emtx>diment, the photo resist was applied 
at 2200 rpm for 20 seconds to form the organic insu- 
lating film 74a of 1 ^m thk^ Bumps corresponding to 
the bumps 74 are formed on the organic insulatir>g 
film 74a. k>ut they are snK)Cther than the bumps 74. 35 

In step b7, as shown In Fig. 7(6), a metal thin film 
75 is formed on the organic insulating film 74a. The 
thickness of the ?netal thin film 75 is selected to be 
at>out 0.01 to 1.0 ^m. In the embodiment, the metal 
thin film 75 was formed by vacuum depositk:>n of atu- 40 
minum. As the metal thin film 75, useful are alumi- 
num, nkJcel, chromium, siker, copper, etc. Since the 
metal thin film 75 is formed on the organic insulating 
film 74a formed along the bumps 74, the metal thin 
film 75 has random circular bumps 75a correspond- 45 
ing to the iHjnr^ 74a. The reflector 70 is formed in 
such a nr^anner. 

Fig. d is a sectk>nal view i Rust rating the measure- 
ment of the reflective characteristic. Usually, the in- 
sulating substrates 31 and 46 made of glass or the so 
like and the riqukJ crystal layer 50 which are used in 
the liquid crystal display device 30 have a refractive 
index of 1.5. In the emt>odiment, assuming a consti- 
tution in which the surface of the metal thin film 75 of 
the ref!ector 70 contacts with the liquid crystal layer 55 
50, a glass substrate 76 was tightly contacted with the 
metal thin film 75 of the reflector 70 by using an ul- 
travk>tet setting resin 77 having a refractive index of 



1 .5, and the reflective characteristk: of the reflector 
70 is measured. It is confirmed that this measurenr>ent 
gives the same results as the reflective characteristic 
of the interface between the surface of the metal thin 
film 75 of the reflector 70 and the Ik^uid crystal layer 
50. 

As shown in Fig. 8, the reflective characteristic is 
measured by detecting scattered light 80 of inckient 
light 79 entering the reflector 70 t>y means of a photo 
multimeter 78. The inckjent light 79 enters the reflec- 
tor 70 at an angle 9 to the normal line of the reflector. 
The photo multimeter 78 is fixed in the normal direc- 
tion of the reflector 70 passing the point of the metal 
thin film 75 where the inckJent light 79 enters. In order 
to obtain the reflective characteristic the intensity of 
the scattered light 80 on the metal thin film 75 ts 
measured by means of the photo multimeter 78 by 
varying the inckient angle 8 of the inckient light to the 
metal thki film 75. 

Fig. 9 is a plan view showing one substrate 54 of 
a liquki crystal display device-whk^h is a comparison 
example for the embodiment, and Fig. 1 0 is a sectiorv 
al view taken along line X2-X2 of Fig. 9. In Figs. 9 to 
12, components having the same configuration as 
those of the embodiment are designated by the same 
reference numerals. The sut>strate 54 of the liquki 
crystal display device which is a comparison example 
is configured in an almost same manner as the sut>- 
strate 52. On the sut»strate 31 which constitutes the 
sut>strate 54, the gate txjs wirings 32, the source txjs 
wirings 39, and the TFT 40 are formed in the same 
manner as the embodiment, and the organk; insulat- 
ing film 42 having tnimps 42a and the contact hole 43 
is further formed. The reflectk>n electrode 38 is 
formed on the organic insulating film 42 and also on 
the TFT 40. The reflection electrode 38 is connected 
to the drain electrode 37 through the contact hole 43. 
The comparison example shown in Figs. 9 and 10 is 
described in detail in Japanese Patent Applk^tion 
No. HEI4-230082 in the name of the assignee of the 
present applicatton. 

Fig. 11 is a plan view showing the other substrata 
55 of a liquM crystal display devk:e whk:h is another 
comparison example, andFig. 12isa secttonal view 
taken along line X3-X3 of Fig. 11. Also the substrate 
55 of the Ik^ukJ crystal display devk^ which is the 
comparison example is configured in an almost same 
manner as the suft>strate 52. On the substrate 31 
which constitutes the substrate 55, the gate t>us wir- 
ings 32. the source bus wirings 39, and the TFT 40 are 
formed in the same manner as the emt)odiment and 
the organk: insulatir>g film 42 having bumps 42a and 
the contact hole 43 is further formed and the reflec- 
tion electrode 38 is formed. However, neither the 
bumps 42a of the organ k: insulating film 42 nor the re- 
f lectk>n electrode 38 are fornr^ed on the TFT 40. The 
ref lectk>n electrode 38 is connected to the drain elec- 
trode 37 through the contact hole 43. The comparison 
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example shown in Figs. 11 and 12 is described in de- 
tail in Japanese Patent Application No. HEI3-230608 
in the name of the assignee of the present application. 

The orientation film 44 is not shown in Figs. 9 to 
12 showing the comparison examples. 5 

In the comparison example shown in Figs. 9 and 
1 0, the area of the reflection electrode 38 can be in- 
creased as compared with that of the prior art, and 
therefore the luminance is improved. Since the reflec- 
tion electrode 38 Is formed on the TFT 40, however, io 
the reflection electrode 38 conducts in a pseudo 
manner the same function as that of the gate elec- 
trode 33, so that a channel (current path) is formed In 
the interface between the reflection electrode 38 and 
the semiconductor layer 35, thereby producing a pos- is 
sibility of impairing the characteristics of the TFT 40. 
Furthermore, a relatively large parasitic capacitance 
is caused between the gate electrode 33 and the re- 
flection electrode 38, which leads to impairing the dis- 
play quality. 20 

In the comparison example shown in Figs. 11 and 
12, the reflection electrode 38 is not formed on the 
TFT 40, and therefore the above-mentioned problems 
of the reduced characteristics of the TFT 40 and the 
generation of the parasitic capacitance will not be 25 
caused. However, the luminance is lowered because 
the area of the reflection electrode 38 is smaH. When 
light enters the TFT 40, moreover, there arises a prob- 
lem in that the TFT 40 cannot properly function as a 
switching element so 

In the embodiment, since the light shield film 45 
is formed on the TFT 40, light is prevented from en- 
tering the TFT 40. Consequently, such inconvenience 
that the TFT 40 cannot properly function as a switch- 
ing element does not occur. The light shield film 45 is 35 
made of a reflective substance such as aluminum or 
silver, and txjmps which increase the intensity of light 
scatteririg in the direction perpendicular to the display^ 
screen with respect to light incident at any angle are 
formed on the surface of the light shield film. Accord- 40 
ingly, light entering the light shield film 45 is reflected 
and the intensity of the reflected light is increased, so 
that the luminance is improved. Moreover, the light 
shield film 45 and the reflection electrode 38 are 
formed so as to be kept electrically insulated from 45 
each other, whereby the possibility that the character- 
istics of the TFT 40 are impaired is eliminated, and the 
generation of a parasitic capacitance is prevented. 

It was confirmed that, in the embodiment, the in- 
clination angle of the bumps 42a can t>e freely con- 50 
trolled by adequately selecting the type or film thick- 
ness of the photosensitive resin such as a photo resist 
constituting the bumps 42a, and the heat treatment 
temperature, and that this enables to control the de- 
pendence of the reflective intensity on the incident 55 
angle. In addition, it was confirmed that the reflective 
intensity can t>e controlled also by changing the type 
or film thickness of the photosensitive resin which is 



applied onto the bumps 42a to be formed as the or- 
ganfc insulating film 42. Furthermore, the level of the 
regular reflection component can be controlled t>y 
changing the ratio of the light shielding regions 51a 
and 51b to the area of the mask 51 . 

When a voltage was applied between the reflec- 
tion electrode 38 and the transparent electrode 48, 
the reflectivity in the normal direction of the panel to 
inckjent light entering at an angle e of 30* was about 
20%, and the contrast ratk) was 5. 

In the liquid crystal display devfce 30 of the env 
bodtment, the surface of the insulating substrate 31 
on which the reflection electrode 38 and the light 
shield film 45 are formed is arranged on the liqukJ 
crystal layer skJe. Therefore, the parallax is eliminat- 
ed, and an excellent display quality is obtained. The 
light shield film 45 can shield also light which oblique- 
ly enters, and can shield light regardless of the posi- 
tional accuracy of the bonding of the substrates. In 
the embodiment, the reflection electrode 38 and the 
light shield film 45 are formed in a locatk>n almost ad- 
jacent to the \k\u\d crystal layer, and therefore it Is pre- 
ferable to set the height of the bumps 42b to be small- 
er than the cell thtekness, and the inclination angle of 
the bumps 42b to be gentle so that the orientatk>n of 
the liquid crystal is not disturbed. 

In the emt)odinr)ent, the photosensitive resin to 
functk>n as the organic insulating film 42 is patterned 
by the photolithography method. When the photosen- 
sitive resin is a poiyimkle resin, it may be patterned 
by a wet etching method using an alkaline solutk>n. or 
a dry etching method. As the photosensitive resin, a 
photo resist (trade nanr>e: OFPR-800. manufactured 
by Tokyo Ohka Kogyo Co., LTD) was used. The type 
of the photosensitive resin is not restricted to this. Any 
resin such as a photosensitive acrylic resin, or a pho- 
tosensitive polyimkie resin may be used in the enn- 
bodiment. as far as it Is photosensitive. Further, the 
organk: ir^sulating film 42 nvay be made of not only a 
light transmitting material, but also an opaque mate- 
rial. For example, a black resist material (trade name: 
Color Mosaic CK. nr»nufactured by Fuji Hanto Elec- 
tronics-sha) can be selected as such opaque iriateri- 
al. The light incident on the TFT 40 can be almost 
eliminated by employing the opaque material, and 
therefore the problem that the TFT 40 fails to ade- 
quately function as a switching element is solved. 
Further, in place of a light transmitting su titrate 
made of glass or the like, an opaque substrate such 
as a silicon substrate may be used as the insulating 
sut>strate 31 with achieving the same effects. In this 
case, there is an advantage that circuits can be inte- 
grated on the substrate. 

Fig. 13 is a sectk>nal view showing one sut>stratB 
60 on which a MIM (metal-insulator-metal) 64 is 
formed and whk:h is used in a reflectbn type liquid 
crystal display device that is another embodiment of 
the invention. The substrate 60 comprises an in&ulat- 
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ing substrate 65, a MIM element 64, an organic insu- 
lating film 66, a reflection electrode 67, and a light 
shield film 68. The substrate 60 is an-anged so as to 
be opposed to the other tight transmitting substrate 
which is not shown, through a liquid crystal layer. A 5 
lower electrode 61 made of, for example, tantalum 
(Ta) is arranged on the liquid crystal layer side of the 
insulating substrate 65 made of glass or the like. Al- 
though tantalum was employed as the lower elec- 
trode 61 in the emtxxliment, any metal such as nio- io 
bium (Nb) which can be arxxjically oxidized may t>e 
used for the electrode. An insulating film 62 made of. 
for example, tantalum oxide (13205) is fonmed on the 
surface of the lower electrode 61 . An upper electrode 
63 made of, for example, chromium (Cr) is formed on 15 
the surface of the insulating film 62. Although chro- 
mium was used as the upper electrode 63 in the em- 
bodiment, the material of the upper electrode 63 is not 
restricted to this, and another metal such as tantalum, 
titanium, or aluminum nrtay be used. The lower eleo 20 
trode 61, the insulatirtg film 62, and the upper elec- 
trode 63 constftute the MIM 64 which functions as a 
switching element 

An electrode 90 ma6e of ITO or the like is con- 
nected to one end 63a of the upper electrode 63. On 25 
the insulating substrate 65 on which the MIM 64 and 
the electrode 90 are formed, plural bumps 66a corre- 
sponding to the above-mentioned bumps 42a are ran- 
domly formed except a regk>n where a contact hole 69 
described bek>w is to be formed. The bumps 66a may so 
be fonmed on the entire surface, and then the bumps 
66a formed in the region where the contact hole 69 is 
to be fonmed are removed. Alternatively, the t>umps 
66a may be originally inhibited from being formed in 
the region where the contact hole 69 is to be formed. 35 
An organk; insulating film 66 corresponding to the or- 
gank: insulating film 42 is formed along the bumps 
66a. Bumps 66b corresponding to the bumps 66a are 
formed on the organic insulating film 66. The contact 
hole 69 is formed by inhibiting the organic insulating 40 
film 66 from being formed in the region where the 
electrode 90 is formed. 

A reflectkm electrode 67 made of aluminum, sil- 
ver or the like is formed on the organic insulating film 
66 except the regk>n where the MIM 64 is loaned, A 45 
light shield film 68 made of aluminum, silver or the 
like in the same manner as the refiectk>n electrode 67 
is formed In the region where the MIM 64 is formed. 
The reflection electrode 67 is connected to the elec- 
trode 90 through the contact hole 69. In the same so 
nrtanner as the reflection electrode 38, the area of the 
reflectk>n electrode 67 can be increased as far as it 
is electrically insulated from adjacent reflection elec- 
trodes 67. The light shield film 68 and the reflection 
electrode 67 are formed so as to be separated from 55 
each other by such an extent of gap that they can be 
electrically insulated from each other. On the reflec- 
tk>n electrode 67 and the light shield film 68, bumps 



corresponding to the bumps 66b of the organk: insu- 
lating film 66 are formed. An orientalk>n film (not 
shown) is formed on the reflectk>n electrode 67 and 
the light shield film 68. In the same manner as the 
foregoing embodinr^ent, the substrate is bonded 
through a tiquki crystal layer to the other substrate 
comprising a light transmKting insulating substrate, a 
color filter, a transparent electrode, and an orienta- 
tion film, thereby constituting a reflection type liqukl 
crystal display device. 

Figs. 14 (1)-(6) are sectk>nal views showing proc- 
ess steps of a method of forming the MIM 64. As 
shown in Fig. 14(1), a Ta film to functkwi as the lower 
electrode 61 is formed on the insulating substrate 65 
by, for example, the sputtering method. A resist film 
91 is formed on the formed Ta film as shown in Fig. 
14(2), and exposure and developing processes are 
conducted to pattern the resist film 91 as shown in 
Fig. 14(3). The exposed Ta film is etched away, and 
then the resist film 91 is peeled off. As shown in Fig. 
14(4), the Ta film is then patterned to form the lower 
electrode 61. 

Thereafter, the insulating film 62 is fonned as 
shown in Fig. 14(5). In the fonnatk>n of the insulating 
film 62, usually, the anodk: oxidatk)n method is used. 
The anodic oxidatfon method is a technique in which 
a metal is used as an anode in an adequate electro- 
lytic sohitk>n and a current ffows between the anode 
and a cathode to form an oxide on the surface of the 
anode. As the electrolytic solutk>n, useful is a weak 
acid such as phosphoric ackj, tx>ric acid, or tartaric 
ackJ. or a dilute aqueous solutk>n of an ammonium 
salt thereof. In the embodiment. Ta is converted to 
TsjOs by the anodic oxidatk>n method to obtain the in- 
sulating film 62. A chromium film whk:h wilt f unctfon 
as the upper electrode 63 is fonmed on the formed in- 
sulating film 62 as shown in Fig. 14(6). The upper 
electrode 63 is formed by. for example, the sputtering 
method. In this way, the MIM 64 consisting of the low- 
er electrode 61. the insulating film 62, and the upper 
electrode 63 is formed. 

In the MIM 64, unlike the above-mentioned TFT 
40, a material whfoh generates a large photoelectrk: 
current is not used. Therefore, it is not necessary to 
shield the MIM 64 against light When, like the present 
emtxxiiment. the light shield film 68 having light re- 
flectivity is fomed on the MIM 64. the intensity of the 
reflected light is increased and the luminance is inv 
proved. Since the ref lectk>n electrode 67 and the light 
shield film 68 are separated from each other t>y the 
gap 6da, furthermore, a signal applied to the reflec- 
tion electrode 67 is not applied to the upper electrode 
63 of the MIM 64. and therefore the characteristics of 
the MIM 64 are prevented from being impaired. 

in the emt>odiment, any resin such as a photo- 
sensitive acrylic resin, or a photosensitive polytmide 
resin nray be used as the organk: insulating film 66, 
as far as it is photosensith^e. In place of light transmit- 
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ting sul>strate made of glass or the like, an opaque 
substrate such as a silicon substrate may be used for 
the insulating substrate 65 with achieving the same 
effects. In this case, there is an advantage that cir- 
cuits can be integrated on the sut>strate. 5 

As a display mode, a phase transition type guest- 
host mode was used In the emtx>diment The display 
mode is not restricted to this. For example, the con- 
figuration of the invention in which a reflection type 
adtWe matrix substrate is used can be applied to an- io 
other light absorption n>ode such as a two-layer 
guest- host mode, a light scattering type display mode 
used in a polymer dispersion type liquid crystal dis- 
play device, or a birefringence display mode used in 
a ferroelectric liquid crystal display device. Although is 
the embodiments using a TFT or a MIM element as a 
switching element, the invention may be applied also 
to an active n^atrix substrate of arK>thertype using, for 
example, a diode, or a varistor. 

The invention may be embodied in other specific 20 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments 
are therefore to fc>e considered in all respects as illus- 
trative and not restrictive, the scope of the invention 
being indicated by the appended claims rather than 25 
by the foregoing description and all changes which 
come within the meaning and the range of equivalen- 
cy of the claims are therefore intended to be env 
braced therein. 



Claims 

1 . A reflection type liquid crystal display device (30) 

comprising a pair of sut>strate3 opposed to each 35 
other through a liquid crystal layer (50), wherein 
at least one of the substrates transmits light, one 
of thesut>strates (52,60) comprises: an insulating 
substrate (31,65); a. picture element electrode 
(38,67) which is disposed in each of plural picture 40 
element regions on the liquid crystal layer side of 
the insulating sut>strate (31 ,65) and functions as 
a reflector for reflecting light incident from an 
other one of the substrates (53) which transmits 
light; and a switching element portion (40,64) for 45 
applying a voltage for displaying to the picture 
element electrode (38.67), and the other one of 
the substrates (53) comprises: a transparent in- 
sulating sut>strate (46); and a transparent conv 
mon electrode (48) which covers an almost entire so 
surface of the light transmitting insulating sut>- 
strate (46) on the liquid crystal layer side, char- 
acterized in that 

the one substrate (52,60) further conr^ris- 
es an insulating film (42,66) which is disposed in 55 
a region including the switching element portion 
(40,64). 

each of the picture element electrodes 



(38,67) is disposed in a predetermined region in 
the respective picture element region on the liq- 
uid crystal layer side of the insulating film 

(42.66) , and 

a light shield film (45.68) is disposed in a 
region other than the predetermined region in the 
respective picture element region on the liquid 
crystal layer side of the insulating film (42,66) to 
be separated from the respective picture element 
electrode (38,67) t>y a gap (45a,68a). 

2. A reflection type liquid crystal display device (30) 
as daimed in claim 1, characterized in that the 
light shield film (45,68) has light reflectivity. 

3. A reflection type liquid crystal display device (30) 
as claimed in daim 1 or 2, characterized in that 
the insulating film (42.66) has bumps (42b,66b) 
on a surface. 

4. A reflection type liquidcrystal display device (30) 
as daimed in claim 3, characterized In that the 
bumps (42b,66b) are randomly arranged. 

5. A reflection type liquid crystal d isplay device (30) 
as claimed in daim 3 or 4, characterized in that 
the bumps (42b, 66b) are forrDed into a tapered 
shape and tip portions thereof have a spherical 
shape. 

6. A reflection type liquid crystal display device (30) 
as daimed in daim 3, 4 or 5, characterized in that 
the bumps (42b,66b) are identical or different in 
size. 

7. A reflection type liquid crystal display device (30) 
as claimed in daim 3, 4, 5 or 6, characterized in 
that the insulating film (42,66) contains a photo- 
sensitive resin. 

8. A method for manufacturing a reflection type liq- 
uid crystal display device (30) comprising a pair 
of substrates opposed to each other through a liq- 
uid crystal layer (50), wherein, one of the sub- 
strates (52,60) comprises: an insulating suk>- 
strate (31,65); a picture element electrode- 

(38.67) which is disposed in each of plural picture 
element regions on the liquid crystal layer side of 
the insulating substrate (31 ,65), and functions as 
a reflector for reflecting light incident from an 
other of the substrates (53) which transmits light; 
and a switching element portion (40,64) for apply- 
ing a voltage for displaying to the picture element 
electrode (38.67), the method comprising steps 
of. 

forming an insulating film (42,66) in a re- 
gion induding the switching element portion 
(40,64) on the liquid crystal layer side of the in- 
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sulating substrate (31.65); and 

fofming a picture element electrode 
(38,67) in a predetenrHned region each picture 
element region on the liquid crystal layer side of 
the insulating film (42,66). to be separated from s 
each other by a gap, and forming a light shield 
film (45,68) in a region other than the predeter- 
mined region in each picture element region, to 
t>e separated from each picture elenient elec- 
trode (38,67) by a gap (45a,68a). io 

9. A nrtethod for manufacturing a reflection type liq- 
uid crystal display device (30) as claimed in daim 
8, characterized in that a metal film having light 
reflectivity is formed on the liquid crystal layer is 
side of the insulating film (42.66), and the n^etal 

film is patterned to form the picture element elec- 
trode (38.87) and the light shield film (45,68). 

1 0. A method for manufacturing a reflection type liq- 20 
ukl crystal display device (30) as claimed in daim 

8 or 9, characterized in that bumps (42b,66b) are 
formed on a surface of the insulating film (42,66). 

11. A method for manufacturing a reflection type liq- 25 
uid crystal display device (30) as daimed in daim 

1 0, characterized in that the bumps (42b,66b) are 
formed by; applying a photosensitive resin in a re- 
gion induding the switching element portion 
(40.64) on the liquid crystal layer side of the in- 30 
sulating sut>strate (31,65); exposing the photo- 
sensitive resin to light through light shield means 
in which circular light shielding regions are ran- 
domly arranged; thermally treating after develop- 
ment; and forming the insulating film (42.66) on 35 
the obtained plural bumps and along the plural 
bumps. 
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Fig. 1 
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Fig . 3 
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Fig . 6 
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